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Abstract: Natural habitat fragmentation and reducing habitat quality have resulted in an increased appearance of Japa- 
nese macaques, Macaca fuscata (Gray, 1870), in suburban areas in Japan. To investigate the risk of zoonotic infections, a 
coprological survey of helminth eggs passed by wild Japanese macaques was carried out in 2009 and 201 0 in Shiga Pre- 
fecture, Japan. Microscopic examination found helminth eggs in high prevalence, and nucleotide sequencing of DNA ex- 
tracted from the eggs identified Oesophagostomum cf. aculeatum and Trichuris trichiura. A fecal culture also detected in- 
fective larvae of Strongyloides fuelleborni. These zoonotic nematodes pose a potential health issue to local people in ar- 
eas frequented by Japanese macaques. 
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The Japanese macaque, Macaca fuscata (Gray, 1870), is 
unique to the Japanese archipelago and is the only non-hu- 
man primate that inhabits these islands, with an estimated to- 
tal population of 100,000 [1]. Advancing forest habitat frag- 
mentation and reducing habitat quality in recent years have 
forced Japanese macaques to appear frequently at forest edges 
and in farmland near residential areas. Japanese macaques car- 
ry some helminths potentially zoonotic to humans, including 
nematodes, such as Oesophagostomum aculeatum, Strongyloides 
fuelleborni, and Trichuris trichiura [1,2]. Traditionally, however, 
specific diagnosis of gastrointestinal nematode infections in 
wild non-human primates is based on the detection of eggs in 
feces, where the morphological characteristics of ova alone 
may not be reliable enough for species identification. Thus, to 
identify the helminths carried by wild Japanese macaques, and 
to evaluate the risk of zoonotic infections to humans, we car- 
ried out molecular identification of eggs passed in feces by se- 
quencing some nuclear targets. 

Fecal samples were collected in May 2009 and June 2010 
from the ground at the foot of mountains in Takashima city, 
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Shiga Prefecture, Japan. This district is a rather sparsely-popu- 
lated area adjacent to farmland that is frequented by free- 
roaming macaques at inegular intervals. That the fecal samples 
were derived from Japanese macaques was confirmed by local 
residents who had often seen monkeys and their feces at very 
close proximity to their houses. A total of 36 fecal samples 
were collected in 2009 and 2010. Although the length of time 
the feces had remained on the ground could not be deter- 
mined, they appeared to have been there only for a few days. 

The fecal samples, 2 g each, were dissolved in 200 ml of dis- 
tilled water, sieved through 2 sheets of cotton gauze, and left 
to stand for 1-2 hr to obtain precipitates. After 2 additional cy- 
cles of dissolution and sieving, the precipitates finally obtained 
were subjected to microscopic examination for helminth eggs. 
One fecal sample was subjected to fecal culture using a filter 
paper test-tube method. 

To molecularly identify helminth eggs, 10-30 helminth eggs 
[Oesophagostomum sp. or Trichuris sp.) were collected under a 
stereoscopic microscope. Approximately 50 Strongyloides filari- 
form larvae were collected from the bottom of culture test 
tubes. DNA was extracted using TaKaRa DEXPAT® (Takara Bio 
Inc., Shiga, Japan), which was originally designed to retrieve 
small amounts of DNA from paraffin embedded tissue sec- 
tions. The primers used for PCR amplification were: NCI and 
NC2 [3] for internal transcribed spacer (JTS)2 of Oesophagosto- 
mum spp.; 5'-CAAGGTTTTCGTAGGTGAA-3' and 5'-CTCTT- 
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CATCGACCTATGAAC-3 ' for ITS1 of Strongyloides spp.; and 5'- 
GCrAAGCAGAGCCITAAATr-3' and 5'-TCCGCTTAACGATAT- 
GCTTA-3' for ITS2 of Strongyloides spp. The 18S rRNA of Trichu- 
ris spp. was amplified in 4 overlapping fragments using the for- 
ward and reverse primers 5'-AAGCCGCGAATGGC-TCATTA- 
3'and 5'-CTGCTGCCTTCCTTGGATGT-3' for the first fragment, 
5 -CCATGGTGACAACGGTTAAC-3 ' and 5'-ATTGGTCGTCTT- 
GCTGCGAT-3' for the second fragment, 5'-ACGGGGACATT- 
CGTATTGCT-3' and 5'-GCTAGTTAGTAGGCCAGAGT-3' for the 
third fragment, and 5 -TTCAGTGGGTAGTGGTGCAT-3 ' and 
5 -CCTACGGAAACCTTGTTACG-3 ' for the last fragment. The 
amplified products were directly sequenced on both strands. 
The nucleotide sequences determined in this study were de- 
posited in DNA databases with the accession numbers indicat- 
ed in the text, Table, and/or Figures. 

Microscopic examination revealed eggs similar to those of 
hookworms and eggs of Trichuris sp. in 50% and 38% of 18 fe- 
cal samples examined in 2009, and 38% and 31% of 18 fecal 
samples examined in 2010. Eggs similar to those of Strongyloi- 
des sp. were also found in a few fecal samples in both years. 
Fecal cultures of 1 specimen collected in 2010 produced filari- 
form larvae of Strongyloides sp. Cysts of Entamoeba coli were also 
occasionally found. 

Hookworm-like eggs found in the present survey were thin- 
shelled, ovoidal, segmented into > 8 cells, and measured 69-78 
by 41-48 (mean: 74x45) um (Fig. 1A). Non-human primates 
harbor strongylid nematodes, such as Oesophagostomum spp. 
and Temidens spp., the eggs of which are hardly distinguishable 
from those of hookworms. Within these species, O. aculeatum 
is confined to Asia and infects primates, such as Japanese ma- 
caques and cynomolgus monkey [Macaca fascicularis) [4-7], 
while Oesophagostomum bifurcum and Oesophagostomum stepha- 
nostomum infect African primates as well as rhesus monkeys 
[Macaca mulatto) in Asia [3,6,8,9]. Temidens deminutus occurs in 




Fig. 1 . Eggs found in the feces of Japanese macaques. (A) Oe- 
sophagostomum cf. aculeatum. (B) Trichuris trichiura. 



primates in Asia and Africa [5,10,11], but has not been record- 
ed in Japanese macaques. Thus, the type of ova found in the 
present study has been traditionally identified as that of O. acu- 
leatum, as long as it was derived from Japanese macaques [1,2]. 
Indeed, the dimensions of the hookworm-like eggs found in 
the present study were compatible with those of O. aculeatum 
(69-86 by 35-55 um), the measurements of which were based 
on intrauterine eggs from O. aculeatum female worms, but were 
larger than those of T deminutus (57-65 by 36-45 um) [4] . 

ITS2 sequencing was carried out in 2 specimens containing 
hookworm-like eggs collected in 2009 and 2010. Sequences 
obtained in both specimens were identical and deposited in 
public databases (AB586134). Unfortunately, we could neither 
obtain morphologically identified O. aculeatum adult worms 
for sequencing, nor find any reference sequence of O. aculea- 
tum in the literature or DNA databases. Nevertheless, a BLAST 
search against the EMBL databases identified sequences of Oe- 
sophagostomum sp. from M. fuscata (HM067976) with 99.0% 
identity, followed by those of O. bifurcum and other Oesopha- 
gostomum species with identities < 94.0%. Pairwise compari- 
sons of ITS2 sequences showed that the putative O. aculeatum 
from Japanese macaques were clearly distinguished from O. 
bifurcum and O. stephanostomum with genetic distances equal 
to or over 0.047, and from T deminutus with genetic distances 
of > 0.056 (Table 1). Thus, we preliminarily identified the eggs 
as Oesophagostomum cf. aculeatum until it could be verified by 
sequencing nucleotides of morphologically identified O. acu- 
leatum adult worms. 

Trichuris eggs obtained in the present study measured 58- 
63 x 28-31 (mean: 61 x 29) um (Fig. IB). The eggs of human I 
trichiura are divided into 2 morphotypes; the common type 
with a dimension of 56 ±2 by 26 ± 1 um, and the less com- 
mon type with larger dimensions (75 ±4 by 31 ±2 um) [12]. 
The eggs of Japanese macaque-origin were similar to those of 
the common variety of I trichiura eggs. Sequencing of 18S 
rRNA in Trichuris eggs from Japanese macaques and in 2 adult 
worms of I trichiura from 2 Japanese patients as a reference 
was carried out. Pairwise comparisons showed that Trichuris 
derived from Japanese macaques (AB699092) differed from I 
trichiura from 2 Japanese patients (AB699090) and another T 
trichiura worm of human origin (GQ352553) with genetic dis- 
tances of 0.003 and 0.005, respectively. Its genetic distances 
from Trichuris suis, Trichuris vulpis, and Trichuris muris were 
> 0.028. Phylogenetic analyses showed that Trichuris eggs from 
Japanese macaques clustered unequivocally with T trichiura of 
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Table 1. Pairwise comparison of the number of base differences 3 per site in the ITS-2 sequences of Oesophagostomum spp, 
Ternidens deminutus, and the 2 predominant hookworms of humans, Ancylostoma duodenale and Necator americanus 
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GenBank Accession numbers: 1, AB586134; 2, HM067976; 3, AF1 36575; 4, AF1 36576; 5, AJ888730; 6, AJ888729; 7, AJ889569; 8, AJ006150; 9, 
Y10790; 10, Y10801; 11, AJ006149; 12, EU344797; 13. AJ001599. 
a There were a total of 330 positions in the final dataset. 
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Fig. 2. Phylogenetic analysis of Trichuris species based on 1 8S 
rRNA sequences. Nucleotide sequences were aligned using the 
ClustalW software. Phylogenetic analyses were conducted using 
the MEGA 5 software. Genetic relationships were inferred by the 
Neighbor-Joining (NJ) method using Trichinella spiralis as an out- 
group. The final data set contained 1 ,629 positions. The scale 
bar indicates nucleotide substitutions per site. The Maximum 
Parsimony (MP) method resulted in the same topology tree, and 
2 sets of bootstrap values (1 ,000 replicates) by the NJ and MP 
are shown from left to right. Trichuris Macaque represents that 
from Japanese macaques analyzed in the present study. 

human origin (Fig. 2). From these results, we identified the 
eggs as T trichiura. 

Filariform larvae of Strongyloides sp. produced in a fecal cul- 
ture of monkey feces were 502-603 um in length with a body 
width of 13-16 um. The esophagus accounted for 40-45% of 
body length. The tail measured 66-82 um in length. ITS1 se- 
quences of the filariform larvae obtained in the present study 
(AB699093) were similar to those of S. fuelleborni (AB272235, 
U43581), with genetic distances of 0.013-0.019, while they 
showed larger differences from Strongyloides callosciureus (AB27- 
2229), Strongyloides procyonis (AB205054), Strongyloides stercora- 



ls (U43578), Strongyloides ratti (U43580), and Strongyloides ce- 
bus (AB272236), with genetic distances of > 0.165. ITS2 se- 
quences of the present isolates (AB699094) were also similar 
to those of S. fuelleborni (AB272235) with a genetic distance of 
0.009. Thus, the filariform larvae in the present study were iden- 
tified as S. fuelleborni. 

The present coprological survey of wild Japanese macaques 
detected eggs of Oesophagostomum. cf. aculeatum and T trichiura 
at a rather high prevalence, as well as infective larvae of S. fuel- 
leborni, confirming previous reports that the eggs of O. aculea- 
tum, T. trichiura, and S. fuelleborni were found in 30.4%, 60.1%, 
and 29.0% of Japanese macaques, respectively [1]. 

Oesophagostomum infections in humans result in single or 
multiple nodular lesions mainly in the colon and sometimes 
in extraintestinal tissues. A number of O. bifurcum infections in 
humans have been reported, with the majority from Africa, es- 
pecially northern Togo and Ghana [9,13]. A few cases of possi- 
ble O. aculeatum infections have also been reported in South- 
east Asia [14-16]. Except for those cases in Togo and Ghana, 
larvae often do not complete development in the human body 
and juveniles remain in their intestinal nodules, which makes 
diagnosis difficult. The infection of humans with Oesophagosto- 
mum spp. is considered to occur via ingestion of the 3rd-stage 
larvae in contaminated water, food, and soil. Although no Oe- 
sophagostomum infection in humans has been reported in Ja- 
pan, people should be aware of the risk of accidental infection. 

It has been widely accepted that the Trichuris species, which 
infects non-human primates, is similar to that in man and 
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cross infection to humans is possible [6]. Indeed, previous 
studies showed that experimental infection of man with Trich- 
uris ova from Japanese macaques resulted in patent infection 
[17]. The present phylogenetic analyses based on 18S rRNA 
sequences showed a very close relationship of Trichuris of ma- 
caque-origin to that of human-origin, with minor genetic di- 
vergence. Previous studies by scanning electron microscopy 
showed that T. trichiura from non-human primates exhibited 
some differences in pericloacal papillae from those of human 
origin; although the authors considered the findings insuffi- 
cient to create a new species [18]. Thus, it remains to be eluci- 
dated whether population genetic substructuring exists within 
I trichiura from different primate hosts by analyzing such as 
mitochondrial DNA sequences, and more studies are needed 
to clarify whether I trichiura of macaque-origin accounts for at 
least some cases of human trichuriasis. 

S. fudleborni is zoonotic: it has been reported that 3 out of 
10 cases of human strongyloidiasis in Zambia were due to S. 
fudleborni [19-21]. However, genetic subsmicturing of S. fuelle- 
borni exists worldwide according to geographical localities [21], 
and further studies are needed to clarify whether infectivity of 
S. fudleborni of Japanese-macaque origin to humans is similar 
to those from different localities. 

Besides those helminth ova found in the present study, eggs 
of the tapeworm Bertiella studeri have been detected in 8.9% of 
fecal samples from Japanese macaques [1], and at least 5 cases 
of accidental infection of humans with B. studeri have occurred 
in Japan [22,23]. Non-human primates are also potential res- 
ervoirs for zoonotic transmission of enteric protozoans. In- 
deed, Giardia intestinalis (assemblage B) and Entamoeba spp., 
such as E. dispar and E. nuttalli, have been isolated from Japa- 
nese macaques [24-26]. 

In conclusion, the present coprological survey of wild Japa- 
nese macaques identified Oesophagostomum cf. aculeatum, T. 
trichiura, and S. fudleborni based on sequencing nuclear targets. 
Further accumulation of sequence data will lead to the identi- 
fication of these parasites from Japanese macaques based 
upon more solid evidence. Although further studies are need- 
ed to determine the actual risk of zoonotic transmissions of 
helminths between Japanese macaques and humans, people 
and health workers should be aware of the potential risk of ac- 
cidental zoonotic helminth infections in humans living in ar- 
eas frequented by Japanese macaques. 
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